Lipofilling is a reconstructive and aesthetic technique that has recently grown in popularity and is increasingly being used in breast surgery. Previous concerns had been raised regarding its safety when used for remodelling and reconstruction of the breast; however, these concerns have since been dismissed. Over the subsequent two decades, little evidence has been found to support these early theoretical concerns, and growing numbers of proponents of the procedure are confident in its safety. Many developments and refinements in the technique have taken place in recent years, and several studies have been published regarding the safety of lipofilling in the breast. We reviewed the current literature regarding the use of different lipofilling techniques as well as the current evidence regarding the oncological safety of the procedure in patients seeking aesthetic breast enhancement and in patients requiring reconstruction after treatment for breast cancer.
INTRODUCTION
The use of autologous fat for filling defects and remodelling body contours was reported over a century ago. The earliest description of the use of autologous fat as a filler is widely acknowledged to be by Czerny [1] in 1895, who augmented a breast with a lipoma removed from the patient's back [2] . Grafting of adipose tissue was a well-described procedure in the earlier part of the twentieth century [3] . However, it fell into disuse after concerns were raised in 1950 regarding the eventual loss of volume in such grafts [4] .
The current usage of lipofilling dates back to 1987, when Bircoll [5] described a method that coupled liposuction with autologous transplantation of the harvested fat in the breast. The major advantage cited for this new technique was the presence of virtually limitless donor tissue that was soft and malleable [5] .
However, there were early concerns that the procedure would cause scarring in the breast, which could interfere with breast screening. This prompted the American Society of Plastic and Reconstructive Surgeons to release a statement in 1987 condemning the use of the procedure [6] .
However, at approximately the same time, a growing body of literature emerged suggesting that other procedures performed on the breast, such as reduction mammoplasties, also lead to scarring in the breast that is visible during breast screening. Such scarring can be far in excess of what would be expected after lipofilling [7, 8] . Furthermore, subsequent studies shown that these artefacts do not appreciably affect screening [9] .
In addition, several case reports and case series have emerged over the years, which have not provided any definitive evidence to support these and other concerns. There have been significant refinements to the procedure since the initial description, resulting in increased confidence in its use, including for breast reconstruction and remodelling [10] . The recommendation against the procedure by the American Society of Plastic and Reconstructive Surgeons, now known as the American Society of Plastic Surgeons, was reversed in 2009 [11] .
CURRENT LIPOFILLING TECHNIQUES
Several techniques for fat harvesting and lipofilling are currently being employed. In all of these techniques, autologous fat is harvested, processed, and grafted. There is a paucity of high-level evidence to strongly recommend one choice over another. However, some evidence relevant for clinical decision-making has emerged over recent years [10] .
Fat harvesting
The majority of extant lipofilling techniques employ a similar approach to fat harvesting, with variations between individual practitioners.
In the course of fat harvesting, a blunt cannula is inserted through a stab incision into fat tissue engorged with tumescent fluid consisting of intravenous normal saline, epinephrine, and local anaesthetics. Suction can be applied using a syringe or a pump system [12] . The shear stress exerted on harvested fat has been determined to be a factor affecting adipocyte viability, with low shear stress leading to improved graft survival. In contrast, adipocytes have been shown to tolerate a wide range of pressures (-0.85 to 6 atm) [13] . In addition, the bore of the cannula has been identified as a factor in graft viability, with a 5-6 mm cannula yielding superior results compared to smaller bores [14, 15] . It has also been noted that freezing samples leads to increased adipocyte death, whereas samples stored at 4°C have a viability similar to fresh samples and can be stored for up to two weeks [14] .
Some practitioners advocate a "dry" method without the tumescent fluid. Cell viability in samples harvested in this manner has been found to be similar to that observed in samples harvested by the "wet" method [16] . However, the "dry" technique may lead to a greater requirement for analgesics [12] .
Another technique with a distinct approach to fat harvesting is the Berlin autologous lipotransplantation, which involves the use of a proprietary water-jet system to harvest the tissue and collect it in a closed container [17] . This technique is said to have the advantages of minimal bruising and postoperative pain, faster harvesting time, and greater sterility. However, it should be noted that the apparatus is proprietary, and the studies cited in its support await external validation.
Fat processing
Ensuring graft viability is the focus of the various techniques for processing graft material. Fat grafting in the earlier part of the last century did not involve any special processing. However, the results of such grafts were very unpredictable, as was noted in the seminal article by Peer [4] in 1950.
The strategies currently in use to improve graft survival vary significantly. This may be a function of the lack of clarity, let alone consensus, regarding the hierarchy of factors leading to better graft survival. Regardless, it is widely acknowledged that harvested fat tissue is far from inert, and that careful preparation may improve graft survival and reduce scarring [18] .
The canonical method described by Bircoll [5] involves treating harvested tissue with insulin to improve cell survival. Similarly, vascular endothelial growth factor [19] and coenzyme Q10 [20] have been suggested as a treatment for improving graft survival. Little clinical evidence supports the efficacy of these or other similar strategies for improving graft viability.
The most widespread methodology is that described by Coleman, in which harvested tissue in syringes is refined by centrifugation in an essentially closed system. The supernatant fat and the lower, most aqueous layers are discarded, leaving concentrated viable fat cells [2] . Concentrating cells in this manner is expected to reduce postoperative volume loss [21] . Other authors advocate sedimentation [22] , or washing the harvested tissue with saline and sterile gauze [23] .
There is no clear evidence favouring one method over the other. Centrifugation unsurprisingly results in samples with better concentrations [24] . One study suggested that the viability of adipocytes suspended in fat was not impacted by centrifugation [25] . In contrast, Kim et al. [26] found that the ideal conditions for centrifugation are 3,000 rpm for three minutes, and that cell viability declines after five minutes of centrifugation. However, Rohrich et al. [27] suggested that centrifugation does not improve cell survival in fresh samples. Moreover, Conde-Green et al. [28] agreed that cell survival did not improve; however, they also noted that centrifugation resulted in good volume retention. Nevertheless, the majority of these studies were performed in vitro or involved a limited number of patients. Therefore, a definitive recommendation cannot be made without higher-level clinical evidence.
The role of stem cells in the viability of fat grafts has been increasingly recognised. Furthermore, adipose tissue has been identified as a readily available source of stem cells [29] . It has been observed that harvested adipose tissue contains relatively few stem cells. Therefore, studies have attempted to characterise the ability of various techniques to retain adipose-derived stem cells. A study including 51 patients indicated that serum lavage preserved more pre-adipocytes [30] . Pfaff et al. [31] reported that the preservation of adipose-derived stem cells was better after washing the grafts by Telfa-rolling compared to the preserva-tion after centrifugation.
Matsumoto et al. [32] proposed a technique that they labelled cell-assisted lipotransfer, in which harvested fat tissue intended for grafting is enriched with adipose-derived stem cells. The adipose-derived stem cells can be extracted from the stromal vascular fraction and possibly cultured ex vivo. A recent randomised control trial suggested that this procedure does result in significant improvements in retaining graft volume [33] . In contrast, an internal trial comparing cell-assisted lipotransfer to Berlin autologous lipotransplantation demonstrated no significantly different results [34] . These results await external validation, and have yet to be replicated by other groups. An alternative technique is mega-volume autologous lipotransfer after pre-grafting tissue expansion. Tissue expansion is achieved in the breast by using a BRAVA vacuum device (Brava LLC., Miami, FL, USA) over a period of months. It has been proposed that this leads to an increase in vasculature and causes the congenital bands to loosen, which makes it possible to transfer and support larger volumes of graft tissue. The proponents of this method have published studies with a cohort of approximately 500 patients, and have shown encouraging results in terms of volumes achieved and retained [35, 36] . However, it is a cumbersome procedure requiring a high level of dedication on the part of the patient [37] . Furthermore, the results of the original cohort have yet to be replicated and the mechanism of action described by the authors does not take into account the current consensus regarding graft survival.
CLINICAL CONSIDERATIONS

Breast cancer imaging
There were initial concerns regarding the potential effect of lipofilling on cancer screening. Specifically, it was suggested that the micro-calcifications introduced by the procedure might be indistinguishable from potentially malignant findings. As alluded to above, this led to the 1987 recommendation against the procedure by the American Society of Plastic and Reconstructive Surgeons [6] . These concerns have long been dismissed. Studies shortly after the Society's recommendation indicated that other elective procedures, such as breast reduction mammoplasty, lead to similar artefacts [9] . It has been amply proven that screening procedures can easily differentiate between benign and malignant micro-calcifications [38] .
Oncological safety
Theoretical concerns were raised regarding the effect of fat grafts enriched with stem cells on the microenvironment of the breast, especially concerning the oncological safety [39] . There is currently no strong high-level evidence to support these concerns. In the cases of lipofilling reported to date, only two patients developed cancer after the procedure [2, 10] . Furthermore, Zocchi and Zuliani [40] followed 181 patients for a decade after they underwent the procedure and reported no cases of de novo carcinogenesis.
The evidence regarding the safety of the procedure in patients who have already been treated for breast cancer is similarly sparse, but increasing. In a recent randomised controlled trial investigating the use of cell-assisted lipotransfer in the treatment of post-mastectomy defects, no evidence of recurrence was found [41] . Among the 744 patients included in the currently available studies on breast cancer patients who underwent lipofilling, only 14 (1.88%) recurrences were identified [41] [42] [43] [44] [45] [46] [47] .
Petit et al. [43] reported on a cohort of 321 patients with primary breast cancer who underwent lipofilling after treatment for the cancer. Each member of the cohort was compared to two matched controls. There was no significant difference in the overall risk of loco-regional recurrence [43] . Sub-group analysis suggested that a higher risk might exist in lipofilling patients who had been treated in situ for a neoplasia [43] .
This issue was further explored in a matched cohort analysis of 118 patients with primary intra-epithelial neoplasias (mainly ductal carcinoma in situ) who had undergone lipofilling and were matched with two suitable controls. A statistically significant increase in local events was seen in the lipofilling group (6 cases vs. 3 cases, P = 0.02) [44] . Overall, the evidence suggests that the risk of neoplastic recurrence is low, with a caveat regarding the subset of the population with primary intra-epithelial neoplasia. However, the small sample size, retrospective nature of the study, and lack of data regarding the extent of the primary ductal carcinoma in situ and radiation treatment preclude any meaningful conclusions. Furthermore, these findings have yet to be replicated.
CONCLUSIONS
The experience of the last two decades has supported the use of lipofilling as a safe reconstructive technique. Whilst high-level evidence is still awaited, the use of this technique has not been associated with an increase in the risk of oncogenesis, or indeed in the overall risk of recurrence in patients with a primary invasive breast cancer. However, patients with intra-epithelial lesions such as ductal carcinoma in situ, especially those younger than 50 undergoing breast-conserving surgery for high grade ductal carcinoma in situ with a high proliferation index, should be informed of the questions that have been raised regarding a possibly higher risk of local recurrence and the need for further re-search on this topic.
Of the refinements of the Coleman technique, the most extensive base of evidence supports cell-assisted lipotransfer. However, further studies are required to build a credible consensus regarding the optimal technique.
